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Abstract: Some of physical characteristics and mechanical properties of two widely commercialized varieties of Chinese 
jujube (Zizyphus jujube cv. junzao and Zizyphus jujube cv. huizao) were studied at 62.2% and 35.4% w.b. for fruits and seeds 
of junzao and 70.3% and 25.2% w.b. for fruits and seeds of huizao.  The results showed that fruits and seeds of junzao were 
larger in all the dimensions and heavier than that of huizao while the fruits of junzao were smaller in true density, bulk 
density and porosity than that of huizao.  The aspect ratio and sphericity of both cultivars fruits were spherical and more 
likely to roll than slide.  And all the physical parameters measured and calculated of both cultivars fruits and seeds were 
significant different to each other.  The rupture force of junzao was higher than that of huizao at both orientations under 
compression.  Greater rupture force and higher hardness were found at the horizontal orientation of both cultivars. 
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1  Introduction 1  
Chinese jujube (Ziziphus Jujuba Mill), commonly 
called red date is a deciduous fruit tree that blooms in early 
summer and ripens its fruit in autumn (Liu, 2000). It is 
grown in the temperate and subtropical areas of the 
Northern Hemisphere, especially the drier parts of north 
China (Lu et al., 2012). Because it is widely adapted, early 
bearing, long lived, easy to manage and has multiple uses 
and fits into long-term intercropping systems, Chinese 
jujube is becoming increasingly popular in many parts of 
China, especially in the dry northern parts (Liu, 2003). 
With appropriate cultivars, commercial cultivation of 
Chinese jujube can be carried out where the annual average 
temperature is 5.5°C -22.0°C, annual rainfall is 87-2000 
mm, and soil pH is 4.5-8.4. Chinese jujube is considered to 
be an ideal economic crop for arid and semiarid areas of 
the temperate zone where common fruit trees do not grow 
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well (Liu, 2010). And the International Centre for 
Underutilized Crops in Southampton, U.K., has identified 
Chinese jujube as a crop with substantial growth potential 
(Choi et al., 2011). That’s why it is also widely cultivated 
from southwest Europe to the Middle East, including India 
(Outlaw et al., 2002). 
Chinese jujube fruits are rich in nutritive substances 
and have high medicinal value (Wu et al., 2016). Its pulp 
is eaten mostly fresh, but may be dried or processed into 
confectionary recipes in bread, cakes, compotes, and 
candy (Krska and Mishra, 2008). In addition to their food 
uses, Chinese jujubes have been used in many traditional 
medicines and have been shown to exhibit numerous 
health-promoting effects including antimicrobial and 
antiviral properties, reviewed in ref (Mahajan and Chopda, 
2009). Its seeds are especially known for their sedative 
effect (Koetter et al., 2009). Chinese jujube seed 
flavonoids may in part contribute to this effect (Jiang et 
al., 2007). The fruits are nutritious, being high in 
flavonoids and vitamins C, B1, and B2. It may therefore 
be considered as a so-called functional food, having 
nutritional as well as medicinal uses (Huang et al., 2008). 
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In the United States, Chinese jujube products are 
available at health food stores (Yao, 2013). Besides 
export of dried fruits, the majority of the Chinese jujube 
is produced and consumed locally (Choi et al., 2011). The 
market for fresh Chinese jujube is mostly restricted to 
producing regions for the following reasons: demand for 
fresh fruits, lack of awareness, lack of quality standards, 
lack of processing standards, and lack of market 
information systems and infrastructure (Yao, 2013). 
FAOstat does not maintain statistics on this crop. 
Physical characteristics and mechanical properties of 
agricultural products are the most important parameters in 
design of harvesting, grading, transporting, processing 
and packaging systems (Fu et al., 2014; Rafiq et al., 
2016). Among these physical characteristics, mass and 
volume are the most important in sizing systems(Fu et al., 
2016). Other important parameters are width, length, 
thickness and seed sizes. Many studies have focused on 
the physical, mechanical and nutritional properties of 
fruits, such as orange or citrus (Kohno et al., 2011; 
Sharifi et al., 2007), peach (Li et al., 2014; 
Tabatabaekoloor, 2013), wild mango (Ehiem and 
Simonyan, 2012), hawthorn fruit (Moghadam and 
Kheiralipour, 2015), crabapple (Altuntas, 2015), and oak 
fruit (Tabar et al., 2012). While for other varieties of date 
fruits, some selected physical properties of dairi cultivar 
(Jahromi et al., 2008a) and lasht cultivar (Jahromi et al., 
2008b) from Iran were reported. However, for the 
varieties of date fruits in China (named Chinese jujube), 
no detailed studies concerning the physical and 
mechanical properties of their fruit have been performed 
till now. Besides, seeds of Chinese jujube were extracted 
from fruits for medicine propose or processing in China. 
Therefore, the physical properties of seeds were also 
studied.  
The aim of this study was to determine some 
selected physical and mechanical properties of fruit and 
seed of two widely commercialized varieties of Chinese 
jujube (Zizyphus jujube cv. junzao and Zizyphus jujube cv. 
huizao) to improve the design of some machines for its 
harvesting and processing. In order to achieve this 
objective, properties such as mass, volume, length, width, 
thickness, true density, geometric mean diameter, 
sphericity, aspect ratio, surface area, bulk density and 
porosity of fruit, and mass, length, width and thickness of 
seed were determined. 
2 Material and methods 
Two varieties of Chinese jujube, Zizyphus jujube cv. 
junzao (junzao) and Zizyphus jujube cv. huizao (huizao) 
(as shown in Figure 1), used for this study were gathered 
from the National Engineering and Research Centre for 
Jujube which located in Shaanxi Province of China in 
October 28
th
, 2015. Hundred fruits of each variety were 
gathered, washed and labelled for easy identification, and 
kept at 25℃ in the laboratory. The moisture content of 
the two varieties determined by the vacuum oven drying 
method following the National Standard of China, 
GB5009.3-2010, which was issued by China State Bureau 
of Standards. They were found to be 62.2% and 70.3% 
w.b. for fruits of junzao and huizao, and 35.4% and 25.2% 
w.b. for seeds of junzao and huizao.
 
(a)            (b)           (c)           (d) 
Figure 1 Fruit (a) and seed (b) of Zizyphus jujube cv. junzao and fruit (c) and seed (d) of Zizyphus jujube cv. 
huizao. 
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2.1 Determination of physical properties 
Linear dimensions, i.e. length, width and thickness 
were measured using digital Vernier reading to 0.01 mm. 
Mass of individual fruit was determined using an 
electronic balance (PTT-A1000, HuaZhi Scientific 
Instrument Co., Ltd. Fuzhou, China) with a sensitivity of 
0.01 g. Fruit volumes were measured by the water 
displacement method. True density (g/cm
3
) was then 
calculated by dividing the fruit mass with the fruit 
volume. 
Bulk density was determined using the mass/volume 
relationship by filling an empty plastic container of 
predetermined volume (638.4 cm
3
) and mass with fruits 
that were poured from the container, and weighed 
(Owolarafe et al., 2007; Vursavus et al., 2006). Porosity 
(packing factor) was calculated as the ratio of the 
differences in the fruit and bulk densities to the true 
density value and expressed in percentages (Owolarafe et 
al., 2007; Vursavus et al., 2006). The geometric mean 
diameter, sphericity, and surface areas of fruit were 
calculated by using the formula given by Kabas et al. 
(2006) and Jahromi et al. (2008a). 
Seeds of Chinese jujube were extracted from fruits 
for medicine propose or processing. Therefore, only the 
mass and dimensions (length, width and thickness) of 
seeds were measured in this study for aiding development 
of seed removing machine.  
The frequency distributions of the measured and 
calculated parameters above were given as skewedness 
and kurtosis and analysed using the Descriptive Statistics 
of the PASW Statistics 18 (SPSS Inc., an IBM Company, 
Chicago, Illinois, USA) which presented results in excess 
kurtosis (kurtosis-3). 
2.2 Measurement of mechanical properties 
Quasi-static compression tests were performed with 
an Electronic Universal Testing Machine equipped with a 
5000 N compression load cell and integrator (DDL5, 
Changchun Research Institute for Mechanical Science 
Co., Ltd.). The measurement accuracy was 0.01 N. A 50 
mm diameter flat circular plate was used to compress the 
fruit at a deformation speed of 10 mm/min until rupture 
occurred, as shown in Figure 2. Fruit compression tests 
were performed in two orientations viz., stem-calyx in 
horizontal and vertical directions. The mechanical 
properties of the jujube fruit were expressed in terms of 
the rupture force (the force necessary to penetrate the skin 
of the intact fruit) and hardness (resistance to deformation 
under load until the point of sudden fracture) which was 
calculated by ratio of the rupture force to deformation at 
the rupture point (Sirisomboon and Pornchaloempong, 
2011). Figure 2 illustrated a typical force-deformation 
curve obtained from a plate compression test through 
parameter calculating formulae. The upward curve after 
the rupture point was caused by the hard seed in the fruit. 
 
Figure 2 A typical force-deformation curve for jujube 
fruit under plate compression test (speed: 10 mm/min). 
Rupture force (N) = F; deformation at the rupture point 
(mm) = D; hardness (N/mm) = F/D. 
3 Results and discussion 
A summary for measured and calculated fruit 
physical properties of two varieties of Chinese jujube 
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(junzao and huizao) is shown in Table 1. There were 
significant differences between all the fruit physical 
parameters measured and calculated of the two varieties.  
Table 1 Summary for measured and calculated fruit 
physical properties of two varieties of Chinese jujube 














































































Note: Standard deviation values in the parentheses.  
a-b
 Letters indicate the statistical difference in rows (p ≤ 0.05). 
 
The junzao fruit mean length, width and thickness 
were found to be 41.11 mm, 28.15 mm, and 26.06 mm, 
respectively. Table 2 showed that all the sizes of junzao 
fruits were positively skewed. The length and width of 
junzao fruits had platykurtic distribution while the 
thickness had leptokurtic distribution with the value of 
0.259. The huizao fruit mean length, width and thickness 
were found to be 34.40 mm, 21.80 mm and 20.57 mm, 
respectively (Table 1). Their length was a little positively 
skewed in 0.092 while the width and thickness were 
largely negatively skewed in -0.627 and -0.652 
respectively. The width of huizao fruits had leptokurtic 
distribution while the length and thickness had platykurtic 
distribution. Especially the length of huizao fruits had a 
nearly uniform distribution with the value of -1.341. The 
values for the length, width and thickness of the junzao 
fruits are higher than that of the huizao fruits. And it was 
also larger than the both date fruit dairi variety and lasht 
variety from Iran (Jahromi et al., 2008a; Jahromi et al., 
2008b). While the huizao fruits was smaller than the date 
fruit lasht variety in all the three sizes (Jahromi et al., 
2008b), but bigger in width and thickness than the dairi 
variety except the length (Jahromi et al., 2008a). 
Omobuwajo et al. (1999) have discussed the importance 
of these and other characteristic axial dimensions in 
determining aperture size of machines, particularly in 
separation of materials. These dimensions may be useful 
in estimating the size of machine components. 
Table 2 Frequency distribution for measured and 
calculated fruit physical properties of two varieties of 
Chinese jujube (junzao and huizao) 
Parameter 
Junzao  Huizao  
Skewedness Kurtosis Skewedness Kurtosis 
Mass, g 0.719 -0.072 -0.102 -1.252 
Volume, cm
3
 0.633 -0.163 0.228 -0.012 
Length, mm 0.437 -0.091 0.092 -1.341 
Width, mm 0.605 -0.011 -0.627 0.427 
Thickness, mm 0.699 0.259 -0.652 -0.330 
True density, g/cm
3
 -0.030 -0.416 0.203 -0.338 
Geometric mean 
diameter, mm 
0.746 0.060 0.004 -0.952 
Sphericity, % -0.029 0.472 0.471 0.173 
Aspect ratio, % -0.393 0.351 0.119 0.144 
Surface area, mm
2
 0.959 0.427 0.116 -0.987 
Bulk density, g/cm
3
 -0.512 -0.612 -0.405 -0.178 
Porosity, % 0.405 -0.178 0.552 0.868 
 
The sphericity and aspect ratio of junzao fruits were 
found to be 75.78% and 68.60%, respectively, and both 
had leptokurtic distribution in negatively skewed. The 
high sphericity of the junzao fruits is indicative of the 
tendency of the shape towards a sphere. Taken along with 
the high aspect ratio of 68.60% (which relates the fruit 
width to length), it may be deduced that the junzao fruits 
will rather roll than slide on their flat surfaces. However, 
the aspect ratio value is being close to the sphericity 
values may also mean the junzao fruits will undergo a 
combination of rolling and sliding action on their flat 
surfaces. The sphericity and aspect ratio of the huizao 
fruits were found to be 57.18% and 63.49%, respectively, 
and both had leptokurtic distribution in positively skewed. 
One interesting trend to be noted is the higher values of 
sphericity index 75.78% and aspect ratio 68.60%, 
respectively, for the junzao fruits compared to the values 
for the huizao fruits, which is 57.18% and 63.49%, 
respectively. This indicates that junzao fruits has a higher 
tendency to have its shape towards a sphere than the 
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huizao fruits. The sphericities of the date fruit dairi 
variety (63%) and lasht variety (69%) from Iran were 
both smaller that of junzao fruits and larger than that of 
huizao fruit. 
The average mass and volume of the junzao fruits 
were 14.90 g and 20.02 cm
3
 respectively, and both had 
platykurtic distribution in positively skewed. The average 
mass of the huizao fruits was 8.50 g and had a nearly 
uniform distribution with the kurtosis value of -1.252 in 
negatively skewed. The volume of the huizao fruits was 
9.93 cm
3 
in average and had a nearly normal distribution 
in positively skewed. The average mass and volume of 
the junzao fruits are higher than the huizao fruits.  
The true density and bulk density of junzao fruits 
were 0.73 g/cm
3
 and 0.41 g/cm
3
 respectively, and both 
were negatively skewed and had platykurtic distribution 
at -0.416 and -0.612 respectively. For the junzao true 
density value, there is a tendency for the jujube fruit to 
float on water (density 1.00 g/cm
3
). The lower porosity 
(43.40%) or percentage volume of voids in the junzao 
fruits may be due to the higher sphericity and aspect ratio, 
which ensure a more compact arrangement of the fruits. 
The true density and bulk density of huizao fruits were 
0.86 g/cm
3
 and 0.47 g/cm
3
 respectively, and both had 
leptokurtic distribution but were positively and negativity 
skewed respectively. From the true density value, there is 
a tendency for the huizao fruit to be partially submerged 
in water. The true and bulk density of the huizao fruits 
were higher than that of junzao fruits, which might 
induced the porosity of huizao fruits (45.80%) was higher 
than that of junzao fruits. These properties may be useful 
in the separation and transportation of the fruit by 
hydrodynamic means.  
As shown in Table 3, the seeds of junzao are bigger 
than that of huizao by 18.00%, 20.00%, and 11.96% for 
length, width and thickness respectively. The average 
mass of the junzao seeds was 0.50 g which accounted for 
3.36% of fruit weight, while that of the huizao seeds was 
0.41 g which accounted for 4.82% of fruit weight. The 
width and thickness of junzao seeds both had leptokurtic 
distribution and were largely negatively skewed having 
-0.801 and -0.755 respectively, while the length had 
platykurtic distribution in positively skewed (Table 4). 
And the mass of junzao seeds had platykurtic distribution 
in negatively skewed. All the dimensions and mass of 
huizao seeds had leptokurtic distribution, especially the 
frequency distributions of the width and thickness were 
logistic distributions at 2.061 and 2.991 respectively. The 
mass, length and width of junzao seeds were positively 
skewed except the thickness were negatively skewed 
having -0.402. There were significant differences 
between all the seed dimensions and mass measured of 
the two varieties. This information will aid in developing 
machines for removing seeds. 
Table 3 Summary for measured seed physical 


























Note: Standard deviation values in the parentheses.  
a-b
 Letters indicate the statistical difference in rows (p ≤ 0.05). 
 
Table 4 Frequency distribution for measured seed 
physical parameters of two varieties of Chinese jujube 
(junzao and huizao) 
Parameter 
Junzao  Huizao  
Skewedness Kurtosis Skewedness Kurtosis 
Mass, g -0.019 -0.516 0.605 0.172 
Length, mm 0.159 -0.319 0.816 0.808 
Width, mm -0.801 0.804 0.472 2.061 
Thickness, mm -0.755 0.101 -0.402 2.991 
 
Table 5 shows the results of the compression test of 
two varieties of Chinese jujube (junzao and huizao) fruits. 
The mean values of rupture force for junzao were 156.24 
N in horizontal orientation and 127.05 N in vertical 
orientations under compression. They were significantly 
different (P < 0.05) which was also obtained from the 
results of rupture forces for huizao when being 
compressed from the two different orientations. The 
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largest hardness was found in junzao at horizontal 
orientation with the mean value of 37.51 N/mm, which 
was significantly larger than that of junzao at vertical 
orientation and hunzao at both orientations. Greater force 
was required to rupture of fruits with both cultivars being 
tested at the horizontal orientation. And higher hardness 
was obtained at the horizontal orientation of both 
cultivars. Therefore, postharvest handling of layers of 
fruits during transportation may cause more damage to 
fruits being vertical arranged than horizontal arranged.   
 
Table 5 Rupture force and hardness of two varieties of 
Chinese jujube (junzao and huizao) fruits in 
horizontal and vertical orientations under 
compression (50 mm diameter flat probe, probe speed: 
10 mm/min) 
 Horizontal orientation Vertical orientation 




































Note: Standard deviation values in the parentheses.  
a-c
 Letters indicate the statistical difference in rows (p ≤ 0.05). 
 
4 Conclusions 
The physical characteristics and mechanical 
properties of two varieties of Chinese jujube (Zizyphus 
jujube cv. junzao and Zizyphus jujube cv. huizao) fruits 
were determined. The fruits and seeds of junzao were 
larger in all the dimensions and heavier than that of 
huizao. But the fruits of junzao were smaller in true 
density, bulk density and porosity than that of huizao. 
The aspect ratio and sphericity of both cultivars fruits 
were spherical and more likely to roll than slide. All the 
physical parameters measured and calculated of both 
cultivars fruits and seeds were significant different to 
each other. The rupture force of junzao was higher than 
that of huizao at both orientations under compression. 
Greater rupture force and higher hardness were found at 
the horizontal orientation of both cultivars. Therefore, 
postharvest handling of layers of fresh fruits during 
transportation may cause more damage to fruits being 
vertical arranged than horizontal. The relevant data 
obtained for the two varieties would be useful for 
designing and developing machines and equipment for 
harvesting and processing operations. 
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